Introduction
We discuss the possibility to apply a novel astronomical technique to retinal imaging. The aim of the method that we suggest is to obtain high-resolution images within large fields-of-view.
Adaptive optical correction allows one to obtain high-resolution images of the retina. The result is illustrated on These high-resolution images have allowed an improved understanding of the eye's properties, notably of the photoreceptor distribution. One might have expected that the development of AO systems for the retina would lead to a wealth of publications on early-stage diagnoses of retinal diseases. This is however not the case, and we believe that a main reason is the small field size of AO corrected images. Fig. 2 shows the typical size of an AO corrected image on the retina. With a conventional AO correction, the resulting image covers a maximum of 3 • on the retina. Several techniques aim at increasing this field of view. One such technique is called star-oriented multi-conjugate approach. It permits to correct images within 6 • fields. Muti-conjugate AO comes in two flavors. Today we will suggest the use of the second flavor -the layer oriented approach. We believe that this shall permit to increase the size of AO corrected images to 10 • − 15 • .
As a bottom line: adaptive optics is a technique that works well on the retina, but it is limited to very narrow fields-of-view. Yet, the diagnosis of many retinal diseases depend upon large field imaging of the retina.
2 Current approaches to wide-field, high-resolution imaging This requires knowledge of the distribution of optical index variations in the eye: a sensing stage is needed to tomographically reconstruct the profile of wavefront distortions. In a star-oriented multiconjugate approach, wavefronts distortions are sensed along several directions. The tomographic reconstruction is done computationally and is only effective in those areas where at least two wavefronts overlap -the blue zone on Fig. 4 . Outside that zone, the origin of distortions cannot be determined. As the field-size increases, the zone where tomographic reconstruction is effective is reduced (see right panel on Fig. 4 ) and the quality of the correction therefore decreases.
The practical consequences were illustrated by Dubinin et al. in a previous AOIM conference:
see Fig. 5 . The upper left panel shows conventional AO correction -the correction is good but the field-of-view is fairly limited. The field increases with star-oriented MCAO: see the two panels on the right side. As the field size increases further, the quality of the correction degrades: the correction is then merely valid along the sensing directions, not within the entire field-of-view.
In conclusion to this section: there are currently two methods to increase the field of AO corrected images: the first involves the use of a scanning mirror. It is simple and efficient, but it suffers practical limitations, notably image artifacts introduced by eye motions and long sessions for the patients.
The second method -the star oriented MCAO -is limited to 6 • fields of view: on larger fields the tomographic reconstruction becomes inoperable.
As an aside: Fig. 6 is also an image of the retina, although an artist's conception. It dates back, about one and a half century, to a time when people believed that the last image a person sees before death remains engraved on his retina. Scotland Yard showed interest, as this would be an efficient method to trace a murderer. The victims' corpses were generally discovered too late to find a well preserved retina. Many rabbits were therefore shown notable scenaries -such as this seaside at full moon -before being sacrificed. When this failed to provide observable retinal images, Scotland Yard accepted that it would never see a murderer's face in a victim's eye -all that remained was to see the victim's future in his palms. But let's return to the more real topic of medical retinal images. image is therefore globally shifted.
Assume now that the distortions are introduced at the cornea. Each field direction then incurs different wavefront distortions. As a result the sub-aperture images are distorted rather then globally shifted. The measured quantity is the average shift -it is large if the distortions are introduced in the same plane as the sensor, and small if the distortions are introduced in a distant plane. The measured quantity is thus a good estimate of close-by turbulence: the tomographic reconstruction is done optically and no reconstruction algorithm is needed.
This is the first advantage of the layer-oriented method on the star-oriented approach. Further, as the field-of-view increases the attenuation of distant layers is more efficient: the layer-oriented approach thus benefits from large fields, while the star-oriented approach is limited to 6 • fields. Finally, the distortions are sensed continuously over the entire field -thus, the AO loop automatically converges to a correction that is optimal for the entire field. This is in opposition to the star-oriented approach where the distortions are sensed along a few discrete directions. A priori, the loop therefore converges to a correction that is merely optimized along the sensing directions. The layer-oriented approach has the following disadvantages:
-Sensors that are not conjugated to the pupil are vignetted. This complicates the estimation of the wavefront slopes: prior to the cross-correlation, the image and the reference need to be multiplied with an appropriate masking function. This is however not a major complication.
-The major disadvantage of the layer-oriented approach is the need for very high resolution detectors: The detector pixels need to resolve small image shifts, and, each sub-aperture needs to image the entire field of view.
We first proposed this set-up for solar imaging (Kellerer, Applied Optics, 2012). The technical realization is then very demanding because daytime turbulence is fast and the detectors must read out at several thousand Hertz. Retinal imaging requires much more moderate correction frequencies of ∼ 30 Hz: The detectors, thus, need to be large (∼ 5000 × 5000 pixels) but they do not need to be extremely fast.
In conclusion, the eye appears to be well suited for the layer-oriented approach. Of course, extensive experimental testing still needs to be done, and our presentation was meant to generate the necessary interest.
